Outer membrane of Salmonella typhimurium. Electron spin resonance studies.
The supramolecular structure of the outer membrane of Salmonella typhimurium that produces an Rc-type lipopolysaccharide was studied by adding spin-labeled fatty acid probes to membranes as well as model bilayers. Lipopolysaccharide of this organism apparently formed a bilayer structure in 0.2 M NaCl/0.01 M MgCl2, and the electron spin resonance spectra suggested that the motion of the segments of hydrocarbon chains near the carboxyl end was quite restricted even at high temperature; this is presumably due to the anchoring of more than a dozen fatty acid residues to a single backbone structure. In the presence of Mg2+, we could produce lipoplysaccharide-phospholipid mixed bilayers contining up to 50% (by weight) lipoplysaccharide. Their spectra showed no sign of major heterogeneity, and the maximum hyperfine splitting values were considerably larger than in phospholipid-only liposomes; these results suggest that the two components are finely interspersed and that the mobility of phospholipid hydrocarbons is severely restricted by the hydrocarbon chains of lipopolysaccharide. In spite of the presence of lipoplysaccharide in an amount equal to or exceeding that of phospholipids, the outer membrane produced spectra remarkably similar to those of the inner membrane, which does not contain lipoplysaccharide, and there was little sign of immobilization by lipopolysaccharides. Signals corresponding to the pure lipoplysaccharide phase were not detected, either. These results suggest that the phospholipids and lipopolysaccharides are segregated into separate domains in the outer membrane, and the fatty acid probes enter almost exclusively into the phospholipid domains. This conclusion was fully corroborated by determining, through the exchange broadening of line width, the total area of the domains that accommodated the spin label probes.